(Entry for the Oxford Companion to Consciousness) (Word count: 1587) The Gestalt school of psychological thought originated in Germany early in the 20 th century (for a comprehensive review, see Koffka, 1935) . It is best known for its theoretical and empirical contributions to understanding the organization of perceptual experience, including the nature of perceived groups, objects, parts, properties, and the relations among them, but was extended to address issues concerning problem solving (e.g., Köhler, 1925) and social psychology (e.g., Lewin, 1951) . Before the advent of Gestalt theory, ideas about perceptual organization were dominated by the Structuralist proposal, derived primarily from British Empiricist philosophy, that complex perceptions were constructed from atoms of elementary sensation and unified by associations due to spatiotemporal contiguity. Gestalt theorists rejected both atomism and associationism, arguing forcefully that perceptual experience was intrinsically holistic and organized. In addition to the theoretical ideas outlined below, Gestalt psychologists made many important empirical contributions to understanding the structure of perceptual experience, including seminal studies of perceptual grouping, figure-ground organization, frames of
reference, apparent motion, induced motion, perceived transparency, and illusory contours, all of which highlight the crucial role played by global structure in determining perceptual experience.
At its broadest level, Gestalt theory can be understood as a comprehensive attempt to account for the interlocking relations among phenomena in three domains: stimulus structure, brain mechanisms, and conscious experience (e.g., Koffka, 1935; Köhler, 1940; Wertheimer, 1924) . The theory rests largely on three foundational ideasthe principle of Prägnanz (or minimum principle), the concept of a physical Gestalt, and the doctrine of psychophysiological isomorphism -that together support the unique Gestalt view of perception.
The Principle of Prägnanz
Perception is generally regarded as inherently ambiguous in the sense that any given stimulus is logically compatible with many different interpretations. In vision, for example, much of this ambiguity arises from the optical projection of three-dimensional structure in the external world to two-dimensional structure on the retina, a transformation that necessarily loses not only information about an object's distance from the viewer, but about what is hidden behind it. In Figure 1A , for example, people spontaneously see a gray square partly occluding a black circle that is amodally completed behind it, as indicated in Figure 1B . There are many other logically possible completions, however, two of which are illustrated in Figures 1C and 1D . How does the visual system manage to arrive at the "correct" interpretation of a square partly occluding a circle? 3 Helmholtz's (1867) classic answer was that perception involved unconscious inferences based on the likelihood principle: choosing the most likely environmental situation that could have produced the stimulus. Thus, we see a dark circle behind a light square in Figure 1A because that is statistically more likely than any other alternative.
This answer, which is consistent with a modern Bayesian approach to perceptual inference, provides the observer with maximally accurate knowledge about the environment, but it is not entirely clear how the brain can determine the actual likelihoods of alternative external situations. The problem is that the brain ultimately does not have access to the actual state of the world, but only to indirect, imperfect, and inherently ambiguous sensory information.
Gestalt theorists proposed a radically different answer in their principle of
Prägnanz: perception will be as "good" as the prevailing conditions allow. The "prevailing conditions" refer to the structure of the stimulus event that constrains the set of logically possible interpretations, and "goodness" is an internal quantity that the perceptual system maximizes. The key assumptions here are that each possible interpretation includes an aspect that reflects its perceptual "goodness" (in the sense of simplicity/regularity) and that the process of perception arrives at the interpretation that maximizes this quantity. (Equivalently, one can assume that perception minimizes complexity/irregularity, leading to an alternative formulation in terms of the "minimum principle.") Perceived "goodness" is, at least in part, available to conscious experience, because people provide systematic responses when they are asked to rate the "goodness" of figures that vary in complexity and/or symmetry (e.g., Leeuwenberg, 1971) . The Gestalt principle of Prägnanz is preferable to Helmholtz's likelihood principle in the 4 sense that it is clear that the brain could maximize an internally defined measure of "goodness" or informational simplicity, whereas it is unclear that it can maximize an externally defined measurement of likelihood. Gestalt theorists linked Prägnanz with innate brain processes, but it could also arise from learning environmental regularities.
The Principle of Prägnanz can be illustrated in Figure 1 , where the alternative black figures that might be perceived behind the closer gray square can be characterized by varying degrees of symmetry and complexity: Figure 1B contains a single curved contour and is symmetric over all central reflections and rotations, Figure 1C contains a curved contour plus two straight contours and is symmetric over only one diagonal reflection, and Figure 1D contains at least four distinct contours and has no symmetries at all. Thus, the Gestalt principle of Prägnanz specifies that we perceive the circle behind the square because it is "better" in the sense of having fewer components and being more symmetric. Unfortunately, Gestalt theorists never provided a formal definition of "goodness" that would allow the principle of Prägnanz to be tested empirically. Later theorists in the Gestalt tradition did so, however, with noteworthy success (e.g., Leeuwenberg, 1971; Leeuwenberg & Buffart, 19**) . Even with a quantitative theory in hand, however, it is often difficult to distinguish between the principles of likelihood and Prägnanz, because the simplest interpretation is also usually the most likely.
Physical Gestalten
Gestalt theorists did not develop their ideas about Prägnanz in the direction of abstract formal theories, but they did try to explain it via hypotheses about the operation of brain processes. Central to this view was their notion of a "physical Gestalt": a 5 dynamical physical system that naturally converges on a state of minimum energy (Wertheimer, 1924) . The physical Gestalt to which they most often appealed in explaining this idea was a soap bubble, whose shape has the interesting property that, no matter what its initial shape, it evolves over time into a perfect sphere.
The fact that a perfect sphere is, in the Gestalt view, the "best" of all 3-D shapes was not entirely coincidental, because "goodness" forms a bridge between their ideas about physical Gestalten and their principle of Prägnanz. In particular, Gestalt theory hypothesized that the brain was a massively complex physical Gestalt that worked by converging on a minimum energy state after being perturbed by stimulus energy. The structure of the external event determined the nature of these perturbations, which began a chain of neural events that caused the brain to settle dynamically into a state that reflected the "best" interpretation of the stimulus. Thus, Gestalt theory implied that "good" alternatives (in the sense of simplicity/regularity) corresponded to low energy neural states and that the brain's operation as a physical gestalt thus implemented the principle of Prägnanz.
These ideas eventually led Köhler (1940) to propose a new theory of brain function based on electromagnetic fields, which had many of the properties that Gestalt theorists believed were important. Subsequent experiments failed to support his conjecture, however, because when electrical conductors and/or insulators were placed in cortex to disrupt such fields, the predicted massive decrements in perceptual performance were not observed. Although these findings were taken to refute Köhler's specific hypothesis and Gestalt theory more generally, recent work with computational simulations of neural networks may provide a better alternative: neural circuits with 6 recurrent feedback mechanisms may dynamically converge on brain states that are formally equivalent to minimum energy solutions, without appealing to electromagnetic field in the brain.
Psychophysiological Isomorphism
The third foundational assumption of Gestalt theory was their doctrine of psychophysiological isomorphism: the claim that the structure of conscious experiences is the same as the structure of the corresponding neural events. (This proposal is a historical antecedent to recent discussions about the conditions for identifying the neural correlates of consciousness.) One of the best examples of psychophysiological isomorphism arises in color perception. Based on a brilliant analysis of the structure of human color experience, Hering (1878 Hering ( /1964 proposed an opponent-process theory of color in which all color experiences arise from the pattern of responses in three independent, bipolar, color systems: red/green, blue/yellow, and black/white. Many years later, single cell recording techniques enabled researchers to discover cells in the early visual system that fire to colored light in ways that are largely compatible with Hering's theory (De Valois, Abramov & Jacobs, 1966) : Some cells are excited by red and inhibited by green, whereas others are excited by green and inhibited by red; some cells are excited by blue and inhibited by yellow, whereas others are excited by yellow and inhibited by blue; and some cells are excited by white and inhibited by black, whereas others are excited by black and inhibited by white. These underlying neural events are thus largely isomorphic to (i.e., have the same structure as) the conscious color experiences people have when viewing light with different physical spectra.
Gestalt theorists proposed the idea of psychophysiological isomorphism long before any such examples had been discovered, of course. For them, it was an inevitable consequence of their unique view of how stimulus energy interacted with underlying brain processes to produce conscious experiences. Their distinctive theoretical approach focused on the concept of structure: The structure of stimulus events interacts with the complex of possible structures of neural events, which, in turn, produce conscious experiences that are simultaneously isomorphic to the internal neural events that underlie them and informative about the nature of the environmental events that cause them.
